Downloaded from www.ajronline.org by NYU Langone Med Ctr-Sch of Med on 04/22/15 from IP address 128.122.253.228. Copyright ARRS. For personal use only; all rights reserved 


Cardiopulmonary Imaging ¢ Original Research 


CT Correlation With Outcomes in 


IS Patients With Acute Middle East 
Respiratory Syndrome Coronavirus 





Karuna M. Das! 
Edward Y. Lee? 
Mushira A. Enani? 
Suhaila E. AlJawder* 
Rajvir Singh? 

Salman Bashir® 

Nizar Al-Nakshbandi!’ 
Khalid AlDossari' 
Sven G. Larsson! 


Keywords: CT, ground-glass opacities, lung changes, 
MERS-CoV, pleural effusion, prognosis 


DOI:10.2214/AJR.14.13671 


Received August 15, 2014; accepted after revision 
October 11, 2014. 


"Department of Medical Imaging, King Fahad Medical 
City, Riyadh 11525, Kingdom of Saudi Arabia. Address 
correspondence to K. M. Das (daskmoy@gmail.com). 
Departments of Radiology and Medicine, Pulmonary 
Division, Boston Children’s Hospital and Harvard Medical 


School, Boston, MA. 


3Department of Medicine, Infectious Disease, King Fahad 
Medical City, Riyadh, Kingdom of Saudi Arabia. 


*Department of Pulmonary and Sleep Medicine, King 
Fahad Medical City, Riyadh, Kingdom of Saudi Arabia. 


‘Department of Cardiology, Hamad Medical Corporation, 
Doha, Qatar. 


’Department of Biostatistics and Research, King Fahad 
Medical City, Riyadh, Kingdom of Saudi Arabia. 


’Department of Radiology, King Saud University Hospital, 
Riyadh, Kingdom of Saudi Arabia. 


AJR 2015; 204:736-742 
0361—803X/15/2044—736 


© American Roentgen Ray Society 


736 


OBJECTIVE. The purpose of this article is to retrospectively analyze chest CT findings 
for 15 patients with Middle East respiratory syndrome coronavirus and to identify features 
associated with survival. 

MATERIALS AND METHODS. Patients were assigned to group 1 if they died (n = 9) 
and to group 2 if they made a full recovery (n = 6). Two reviewers scored chest radiographs 
and CT examinations for segmental involvement, ground-glass opacities, consolidation, and 
interstitial thickening. 

RESULTS. Eight patients had ground-glass opacity (53%), five had ground-glass and con- 
solidation in combination (33%), five had pleural effusion (33%), and four patients had in- 
terlobular thickening (27%). Of 281 CT findings, 151 (54%) were peripheral, 68 (24%) were 
central, and 62 (22%) had a mixed location. The number of involved lung segments was high- 
er in group 1. The lower lobe was more commonly involved (mean, 12.2 segments) than in 
the upper and middle lobes combined (mean, 6.3 segments). The mean number of lung seg- 
ments involved was 12.3 segments in group | and 3.4 segments in group 2. The CT lung score 
(mean + SD, 15.78 + 7.9 vs 7.3 + 5.7, p = 0.003), chest radiographic score (20.8 + 1.7 vs 5.6 + 
5.4; p = 0.001), and mechanical ventilation duration (13.11 + 8.3 vs 0.5 + 1.2 days; p = 0.002) 
were higher in group 1. All nine group 1 patients and three of six group 2 patients had pleu- 
ral effusion (p = 0.52). 

CONCLUSION. CT of patients with Middle East respiratory syndrome coronavirus 
predominantly showed ground-glass opacities, with peripheral lower lobe preference. Pleural 
effusion and higher CT lung and chest radiographic scores correlate with poor prognosis and 


short-term mortality. 


major outbreak of the Middle 
East respiratory syndrome coro- 
A navirus (MERS-CoV) has re- 
cently been reported by health 
authorities in Riyadh, Saudi Arabia [1]. Most 
patients with MERS-CoV present with fever 
(98%), fever with cough (83%), and shortness 
of breath (72%) [2, 3]. Radiographic mani- 
festations range from unilateral ground-glass 
opacities (43%) to increased bronchovascular 
markings (17%) and diffuse reticulonodular 
pattern (4%), with very high mortality rates 
[3, 4]. Hitherto, detailed CT imaging features 
of MERS-CoV have been reported in only a 
small number of patients [5]. The purpose of 
this study was to retrospectively analyze the 
chest CT images of patients with MERS-CoV 
and to identify the features associated with 
poor prognosis and death. 


Materials and Methods 
Patients 

Our retrospective cohort comprised 45 patients 
(age range, 12—80 years; mean [+ SD] age, 44.2 + 
16.1 years; 11 male and 34 female patients) who re- 
ceived a positive diagnosis of MERS-CoV between 
April 7, 2014, and May 30, 2014. At the initial out- 
break of the disease, most infected patients were re- 
ferred to King Fahad Medical City, Riyadh, with 
subsequent identification being performed at an- 
other two centers in the region at a later date. The 
initial chest radiograph was normal in eight pa- 
tients (17.8%) and abnormal in 37 patients (82.2%). 
Fifteen patients (33.3%) underwent chest CT and 
formed the study population (age range, 20-80 
years; mean age, 48 + 17.9 years; six men and nine 
women) (Table 1). Two (13%) of these 15 patients 
were health care workers who were secondarily in- 
fected after direct contact with a patient with active 
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TABLE |: Demographic and Clinical Characteristics of 15 Patients With Middle East Respiratory Syndrome Coronavirus 


Patient 2 | EN ee Absolute Lymphocytic Platelet Count Final 
No. (y) Sex Pattern Score Score at Peak Count (x10° cells/L) (x10° cells/L) Outcome 
1 50 Female 2 8 12 Recovered 
2 Female 4 Died 
3 Male 4 Died 
4 Male 4 Died 
5 Male 4 Died 
6 Female 2 Recovered 
7 Female 4 Died 
8 Female 2 Recovered 
9 Female 4 Died 
10 Female 4 Died 
11 Male 3 Died 
12 Female 2 Recovered 
13 Male 2 Recovered 
14 Male 4 Died 
15 Female 2 Recovered 


MERS-CoV infection. The diagnosis of MERS- 
CoV was established according to World Health 
Organization criteria, and a confirmed case was 
defined as a suspected case with a positive result 
for MERS-CoV on real-time polymerase chain re- 
action [4]. The permission for retrospective analy- 
sis of these patients with MERS-CoV infection was 
obtained from the institutional review board. 


Imaging Technique 

The Discovery CT750 HD scanner (120 kV and 
140 mA; GE Healthcare) was used for all chest 
CT examinations. CT was performed with the pa- 
tient in the supine position. IV contrast agent was 
used in patients with a high suspicion of pulmo- 
nary thromboembolism (n = 5). Because the study 
was a retrospective analysis, no standard protocol 
was applied. All patients were scanned with 64 x 
0.625 mm collimation. In five patients with sus- 
pected pulmonary embolism, the helical 1.2-mm 
section thickness was reconstructed to 1 mm with 
a 1.25-mm interval for the transverse scans. In 
four patients, the helical 1.2-mm section thickness 
was reconstructed to 1 mm with a 6-mm interval 
for the transverse scans. In six patients, the heli- 
cal 1.2-mm section thickness was reconstructed to 
2.5 mm with a 2.5-mm interval for the transverse 
scans. Depending on the indications, the images 
were displayed with three different gray scales for 
interpretation of lung window, mediastinal win- 
dow, and pulmonary embolism-specific settings. 
Sagittal and coronal scans with a 2.5-mm refor- 
mation were performed on all 15 patients. 

The medical record of each patient was re- 
viewed to obtain demographic characteristics and 
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information on background diseases or condi- 
tions, symptoms, duration of hospitalization, ad- 
mission to ICU, initiation and duration of mechan- 
ical ventilation, and death. All patients discharged 
from the hospital were contacted within a week 
by telephone and were asked to report any further 
symptoms, additional medical treatment, rehospi- 
talization, and current status. 


Image Interpretation 

All chest CT examinations were reviewed inde- 
pendently by two radiologists with 8 and 20 years, 
respectively, of experience in interpreting chest 
CT. Interobserver variation was calculated. When 
there was a difference of opinion, a third radiolo- 
gist with 30 years of experience in interpreting 
chest CT was consulted. 

The CT examinations were reviewed on a 
dedicated radiology PACS (Centricity 2.1.2.1, 
GE Healthcare). The definitions of ground-glass 
opacities, consolidation, tree-in-bud, crazy pav- 
ing, and septal thickening were the same as those 
described elsewhere [6]. Attention was paid to the 
presence of lung necrosis [7], cavitations, nodules, 
and interlobular and intralobular interstitial thick- 
ening. In addition, the presence of lymphadenopa- 
thy, pleural effusion, and pneumothorax was re- 
corded. The CT findings in the outer third of the 
lung were defined as peripheral, and findings in 
the inner two thirds of the lung were defined as 
central. Each lung was divided into upper, middle, 
and lower zones [8], and each zone was reviewed 
for opacification. The size of the CT lesion was de- 
fined as described elsewhere [9]. The progression 
of MERS-CoV lesions within each lung zone was 


evaluated by scoring each zone from 0 (normal) 
to 4, with 4 corresponding to nearly total involve- 
ment of the lung parenchyma (Fig. 1). The scores 
were combined for all six zones to provide a total 
score ranging from 0 to 24, depending on the in- 
volvement of lung parenchyma [8]. 

The radiographs were reviewed separately 
from the CT scans and were evaluated for the de- 
velopment of areas of opacification. The series of 
frontal chest radiographs obtained during treat- 
ment were used to judge disease progression, 





Fig. 1—5/7-year-old woman (patient 9) who presented 
with severe difficulty breathing and fever. Contrast- 
enhanced sagittal reformation CT performed on 
second day after admission shows ground-glass 
opacity (arrow) occupying almost three quarters of 
left hemithorax, equivalent to CT lung score of 8. 
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which was classified as described by Wong et al. 
[10], with minor modification of the definitions 
of types 2 and 3 disease progression. The defini- 
tions of type 1 (initial radiographic deterioration 
followed by improvement) and type 4 (progressive 
radiographic deterioration) disease progression 
(Fig. 2) were as described elsewhere [10]. Type 2 
disease progression was defined as initial radio- 
graphic deterioration by one peak level, followed 
by radiographic improvement, with one peak lev- 
el defined as overall mean lung parenchyma in- 
volvement more than 25% of the initial extent of 
involvement. Type 3 disease progression was de- 
fined as fluctuating radiographic changes, with at 
least two radiographic peaks and an intervening 
mild remission, which differed by more than 25% 
from overall mean lung involvement. 


Statistical Analysis 

The 15 patients were divided into two groups 
according to final outcome. Group 1 included nine 
patients with a final outcome of death, and group 
2 included six patients with a final outcome of re- 
covery. The CT lung score (range, 0—24), chest ra- 
diographic score, pattern of disease progression 
in chest radiographs (types 1—4), and presence 
or absence of other CT parameters (ground-glass 
opacification, consolidation, cavitation, pleural 
effusion, tree-in-bud, crazy paving, lung necrosis, 
intralobular thickening, and interlobular thicken- 
ing) were compared between the two groups us- 
ing a chi-square test for categoric data and Stu- 
dent ¢ test for continuous variables. Demographic 
characteristics, comorbidity, platelet count, and 
absolute lymphocytic count were also compared 
between the two groups. Kaplan-Meier survival 
curve analysis was performed for the number of 
days the patient received mechanical ventilation. 


Das et al. 


Fig. 2—28-year-old man (patient 5) who presented 
with severe cough and respiratory distress. Frontal 
chest radiograph shows type 4 disease progression 
with bilateral extensive airspace disease (arrows). 
Patient died on day 16 after symptom onset. 


Interobserver variability was calculated using 
kappa statistics. Quantitative variables are pre- 
sented as mean + SD, and qualitative variables are 
presented as frequency and percentage. A p val- 
ue (two-tailed) less than 0.05 was considered sta- 
tistically significant. SPSS software (version 21.0, 
IBM) was used for statistical analysis. 


Results 

The 15 patients who underwent CT exami- 
nation and who form the study sample initial- 
ly presented with the following symptoms: 
difficulty breathing (n = 13), fever (n = 13), 
cough (n = 6), rhinitis (n = 2), diarrhea (n = 2), 
chest pain (n = 1), and sore throat (n = 1). The 
indications for CT included typical symptoms 
with normal chest radiograph in patients who 
had been in close contact with patients with 


TABLE 2: CT Findings for 15 Patients With Middle East Respiratory 


Syndrome Coronavirus 





No. (%) of 
Patients 


13 (86.6) 


CT Findings 


Ground-glass opacity 


Consolidation 5 (33.3) 
Ground-glass opacity plus consolidation 9 (60) 
Cavitation 1 (6.6) 
Crazy paving 4 (27) 
Tree in bud 1 (6.6) 
Interlobular thickening 6 (40) 
Intralobular thickening 3 (20) 


Pulmonary fibrosis with emphysema 
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1 (6.6) 
Pleural effusion 9 (60) 


“These patients died. 


Days After Admission When CT Was Performed 
4 (27) 
2 (13) 
2 (13) 
1 (6.6) 
1 (6.6) 

0 

2 (13) 
1 (6.6) 
1 (6.6) 
4 (27)? 





Fig. 3—5/-year-old woman (patient 9; same patient 
as in Fig. 1) who presented with severe difficulty 
breathing and fever. Patient had multiple brain 
metastases with pulmonary embolism. Coronal CT 
reformation performed on second day of admission 
shows bilateral ground-glass type opacity on either 
side of chest (arrows). Patient died on day 18 after ICU 
admission after acute respiratory distress syndrome. 


active MERS-CoV infection (n = 2; 13%), 
continuous deterioration of clinical status and 
lack of response to treatment (n = 7), suspect- 
ed pulmonary embolism (n = 5), and require- 
ment for change of treatment with addition- 
al immunomodulation therapy (n = 1). In one 
patient, a follow-up CT scan was performed 
on day 8 of the ICU stay to evaluate the re- 
sponse to therapy. All 15 patients were mon- 
itored daily with frontal chest radiographs 
during the active phase of the disease. Twelve 
patients (80%) were admitted to the ICU be- 
cause of respiratory failure, and all required 
mechanical ventilator support. Two patients 
(13.3%) were healthy hospital workers, and 
13 patients had multiple comorbidities. Co- 
morbidities were diabetes mellitus (n = 5), hy- 
pertension (n = 5), ischemic heart disease (n = 
4), end-stage renal disease (n = 4), lymphoma 
(n = 2), asthma (n = 2), chronic obstructive 
pulmonary disease (n = 1), smoking (n = 1), 
intracranial metastases (n = 1), cardiac mass 
(n = 1), lung fibrosis (n = 1), postoperative sta- 
tus (n = 1), leukemia (n = 1), congestive heart 
failure (n = 1), pulmonary embolism (n = 1), 
acute myeloid leukemia (n = 1), and multi- 
ple myeloma (n = 1). The average number of 
comorbidities was 2.7 + 1.13 for patients in 
group | and 1.3 + 0.74 for patients in group 2 
(p = 0.023). The total length of hospitalization 
was 15.2 + 8 days (median, 15 days) in group 
1 and 13.5 + 10.7 days (median, 10.5 days) in 
group 2. Age was similar in the two groups 
(50 + 20.2 vs 47 + 17.3 years; p = 0.76). 

CT was performed 5.22 + 3.9 days af- 
ter admission to the hospital. The details of 
the CT findings are summarized in Table 2. 
Ground-glass opacity (Fig. 3) was the earli- 


AJR:204, April 2015 


CT of Acute Middle East Respiratory Syndrome Coronavirus 


est CT finding (2—5 days) in eight patients 
(53%), followed by ground-glass and consol- 
idation in combination (n = 5; 33%) (Fig. 4), 
pleural effusion (n = 5; 33%), and interlobu- 
lar thickening (n = 4; 27%) (Fig. 5). Crazy 
paving with thicker interlobular and intra- 
lobular septa, cavitation (Fig. 6), tree-in-bud, 
and organizing pneumonia (Fig. 7) were ob- 
served in isolated cases. The average number 
of lung segments involved was 12.3 segments 





came completely consolidated or the sub- 
ject died. The time to peak for the progres- 
sion of consolidation (Table 4) was 9.5 + 3.3 
days in group 1 and 5.8 + 1.6 days in group 
2 (p = 0.019). Pleural effusion was noted 
in all nine patients in group 1 and three of 
the six patients in group 2 (p = 0.52). Of 


Fig. 4—20-year-old woman (patient 
2) who presented with cough and 
difficulty breathing. 

A, Frontal chest radiograph shows 
bilateral peripheral of ground-glass 
opacities (black arrows), along with 
enlarged heart due to right atrial 
cardiac mass (white arrow). 

B, Contrast-enhanced transverse CT 
performed on third day of admission 
shows peripheral ground-glass 
opacities (white arrowheads) with 
consolidation (thick black arrow) and 
interlobular septal thickening (thin 
black and white arrows) and irregular 
right atrial mass (black arrowhead). 
Patient died in ICU after acute 
respiratory distress syndrome. 


the nine patients who died in the ICU, five 
had developed secondary infection isolated 
from the nasopharyngeal aspirate, as fol- 
lows: Pseudomonas species (n = 3), meth- 
icillin-resistant Staphylococcus aureus (n = 
1), and Stenotrophomonas maltophilia and 
Pseudomonas species (n = 1). Bronchosco- 


TABLE 3: Lung Segments Involved, by Size and Position on CT 
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for group 1 (range, 6-16 segments; mean, a ee 
9.7 + 3.5 segments) and 3.4 segments (range, CT lesion size 

1-7 segments; mean, 2.6 + 1.7 segments) for <1cm 28 (12) 9 (19) 37 (13) 
group 2. In group 1, the number of lung seg- 1t0<30m 80 (34) 14 (29) 94 (33) 
ments involved was higher in the lower lobe : 

than in the upper and middle lobes combined eI SOE SEGMEN A ene Tey) 
(average of 12.2 segments for the lower lobe 50% of segment or more 68 (29) 4 (8) 72 (26) 

vs 6.3 segments for upper and middle lobes). Position on CT 

Of the 281 lesions detected by CT, 151 (54%) Central 62 (27) 6 (13) 68 (24) 
were peripherally located (Fig. 8), 68 (24%) Perihel 120 (52) 31 (65) 151 (54) 


were centrally located, and 62 (22%) had a 
mixed location (Fig. 6). A higher proportion Mixed 51 (22) 11 (23) 62 (22) 
of CT findings (1 to < 3 cm) were seen in 
group | (34%) than in group 2 (29%) (Ta- 
ble 3). Reticulations were present in two of 
the nine patients with intralobular and inter- 
lobular septal thickening. Architectural dis- 
tortion with traction type of bronchiectasis 
was present in the patient with a history of 
lung fibrosis (Fig. 9), and the identification of 
the CT features that were due to MERS-CoV 
was difficult, even with the third reviewer. 
Interobserver variability was good (x = 0.70) 
for contrast-enhanced CT image findings. 
The pattern of disease progression identi- 
fied from chest radiographs (types 1—4) was 
significantly different across the two groups 
(p = 0.001). Nine subjects had type 4 dis- 
ease progression, and radiographs showed 
progressive deterioration until the lungs be- 





Note—Data are number (%) of lung segments. 


TABLE 4: Comparison of Final Outcome According to Demographic and 
Clinical Characteristics 


Final Outcome 

Death (n= 9) 
50+ 20.2 
2.7 + 1.13 
13.11 + 8.3 


Recovered (n=6) p 
41 + 17.3 0.764 
1.3 + 0.74 0.023 
0.5 + 1.2 0.002 
1.35.7 0.003 
5.6+5.4 0.001 
5.8+ 1.6 0.019 
25.1 + 12.2 0.295 
224.3 + 46.4 0.429 


Characteristics 
Age (y) 
No. of comorbidities per patient 


Duration of mechanical ventilation (d) 


15.78 + 7.9 
20.8 + 1.7 
9.54+3.3 
17.3 + 14.9 

194.2+94.7 


CT lung score 

Chest radiography score 

Time to peak (d) 

Absolute lymphocyte count (x10° cells/L) 


Platelet count (x10? cells/L) 





Note—Data are mean + SD. 
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Fig. 5—65-year-old woman (patient 10) with end- 
stage renal disease who presented with difficulty 
breathing and fever. Transverse CT performed 

on 10th day of admission shows multiple ground- 
glass nodules (thick white arrows) with thickened 
interlobular (thin white arrows) and intralobular 
(black arrow) septum. Moderate pleural effusion 
was present (arrowhead). Patient died of acute 
respiratory distress syndrome in ICU after 
cholecystostomy. 


py and bronchial lavage was not performed 
for any of these patients. Kaplan-Meier 
analysis shows only 15% chance for surviv- 
al up to 30 days (Fig. 10). 

The mean ICU length of mechanical venti- 
lation for group | was 13.11 + 8.3 days. Nine 
of 15 patients died in the ICU (60%), and 
the time to death ranged from 4 to 31 days 
(mean, 13 + 8.3 days; median, 13.0 days). 
One of these nine patients who died was a 
health care worker who died after acute re- 
spiratory distress syndrome (ARDS). The 
CT lung score (p = 0.003), chest radiograph- 
ic score (p = 0.001), and duration of mechan- 
ical ventilation (p = 0.002) were higher in 
group | than in group 2 (Table 4). Of the six 
patients in group 2, one was rehospitalized 
with secondary infection of the lung, but this 
improved after treatment. 


Discussion 

MERS-CoV is a highly infectious dis- 
ease and only preliminary data have been 
published on the causative agent. In this 
CT study, we showed ground-glass opaci- 
ty to be the earliest CT finding, followed by 
ground-glass and consolidation in combina- 
tion, pleural effusion, and interlobular thick- 
ening. There was a preference for involve- 
ment of the lower lobes, and most CT lesions 
were peripherally located. Our results sug- 
gest that peripheral subpleural focal ground- 
glass opacities and consolidations rapidly 
progressed to the rest of the lung and were 
responsible for ensuing ARDS in most pa- 
tients (80%). 
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The higher CT lung and chest radiographic 
scores in group 1 compared with group 2 are 
related to the rapid progression of the disease 
process causing pneumonia that occupied 
maximum areas of lung in a relatively longer 
time to peak. The time to peak with complete 
recovery was shorter in group 2. Patients in 
group 2 were younger, had fewer comorbidi- 
ties, had reduced lung segment involvement, 
had a lower prevalence of CT lung findings, 
and had a shorter mechanical ventilation du- 
ration in the ICU than did patients in group 1. 
These factors may have played a role in the 
recovery of patients in group 2. 

The clinical, chest radiography, and CT 
features in our patients indicate the highly 
contagious nature and rapid progression of 
the disease. Wong et al. [10] reported that rap- 
id progression of the disease with high chest 
radiographic score (type 4) was associated 
with high mortality in severe acute respira- 
tory syndrome (SARS). Patients who died in 
our cohort had high CT scores (15.78 + 7.9) 
and progressive radiographic scores (type 
4) and showed deterioration despite medi- 
cal treatment, indicating a virulent and ful- 
minant course of the disease. Moreover, our 
cohort had a higher incidence of segmental 
involvement of the lung with rapid progres- 
sion to ARDS than has been reported in pa- 
tients with SARS [10]. Overall, mortality was 
60% in our cohort. Similar to our experience, 
the mortality rate of MERS-CoV-infected pa- 
tients has been reported to be approximately 
60% [4, 11], compared with 9.6% in SARS 
[12]. The high rate of death in our cohort was 
further compounded by the high number of 
comorbidities, the longer time to peak, the 
longer duration of mechanical ventilation, 
and the presence of pleural effusion. 

In the current study, the early appearance 
of pleural effusion in combination with high- 


Fig. 6— 44-year-old man 
(patient 4) with end- 
stage renal disease who 
presented with fever and 
cough with hemoptysis. 
Transverse CT performed 
on 10th day of admission 
shows central ground- 
glass opacity (thin 

white arrows) with 
peripheral (black arrow) 
and mixed (arrowhead) 
consolidation with well- 
defined cavity (thick 
white arrow) in periphery 
of ground-glass opacity. 
Patient died on day 19 
after ICU admission 
after acute respiratory 
distress syndrome. 


er CT lung and chest radiographic scores was 
a sign of poor prognosis and was associat- 
ed with short-term mortality. Pleural effu- 
sion may play a significant role in the final 
outcome of patients with acute lung injury 
or ARDS in the ICU [13]. Although perfor- 
mance of a recruitment maneuver in the ICU 
can improve oxygenation in patients with 
ARDS, the improvement is hindered by the 
presence of pleural effusion [13]. This was 
similar in our cohort. In support of our find- 
ings, Hasley et al. [14] reported that the pres- 
ence of bilateral pleural effusions was an in- 
dependent predictor of short-term mortality 





Fig. 7—21-year-old woman (patient 12) with acute 
myeloid leukemia who presented with fever and 
cough. Transverse contrast-enhanced CT performed 
on third day of admission shows organizing 
pneumonia in left lower lobe with perilobular pattern 
(arrow) occupying both central and peripheral 
location. Patient fully recovered after 4 days of 
mechanical ventilation in ICU. 
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Fig. 8—54-vear-old 
woman (patient 6) who 
presented with fever, 
cough, and difficulty 
breathing. Transverse 
CT performed on 11th 
day of admission shows 
bilateral peripheral 
airspace consolidation 
(arrows). Patient fully 
recovered after 14 
days of mechanical 
ventilation. 


in patients with community-acquired pneu- 
monia; however, in contrast to our experi- 
ence, this relationship was absent in patients 
with SARS [9, 10]. 

The CT findings of tree-in-bud and lung 
cavitation were seen in isolated cases in our 
cohort but have not been reported in SARS 
or HINI influenza cases [9, 10, 15]. It is not 
possible to determine whether these CT find- 
ings were due to the MERS-CoV infection or 
some other secondary infection in the ICU; 
however, the patients with multicentric lung 
cavitation and tree-in-bud CT signs did not 
have any secondary infection, except for one 
patient with lung fibrosis and a methicillin- 
resistant S. aureus infection. 

Peripheral airspace opacification was 
present in most of our cohort and was a hall- 
mark of MERS-CoV. This has striking simi- 
larities with SARS [9, 10]. Like SARS, the 
CT and radiographic features of MERS-CoV 
may be indistinguishable from those of bac- 
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Fig. 10—Cumulative survival Kaplan-Meier curve 
showing ventilation days and probability of subjects’ 
survival. 
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terial bronchopneumonia, organizing pneu- 
monia, and acute interstitial pneumonia 
[16-18]. The presence of characteristic clin- 
ical features, close contact with an estab- 
lished MERS-CoV-infected patient, and 
early ground-glass appearance in chest radio- 
graphs or chest CT with lymphopenia should 
raise a high suspicion of MERS-CoV infec- 
tion. Peripheral airspace opacities have also 
been noted in cases of atypical pneumonia 
caused by Chlamydia species, Mycoplasma 
species, Legionella species, H1N1 influenza, 
and other types of viruses that cause pneumo- 
nia in adults [15, 19—21]. The HIN1 influenza 
virus can cause homogeneous or patchy areas 
of ground-glass opacities, which consolidate 
with rapid progression to become confluent 
[15]. These areas of opacity may be unilater- 
al or bilateral with rare occurrences of pleu- 
ral effusion, which were more common in our 
cohort of patients with MERS-CoV. Hanta- 
virus may cause similar viral pneumonia in 
immunocompetent adults and, patients pres- 
ent with a rapid onset of respiratory distress 
and rapidly progressing alveolar pulmonary 
edema, airspace consolidation, and pleural 
effusions [22]. A mortality rate of 46% has 
been reported with hantavirus infection, with 
a higher prevalence of pleural effusion [22]. 
By contrast, cytomegalovirus, herpesviruses, 
measles virus, and adenovirus mainly affect 
immunocompromised hosts [23-26]. These 
viral infections present with overlapping CT 
findings, such as poorly defined centrilobu- 
lar nodules, ground-glass attenuation with a 
lobular distribution, segmental consolidation, 
and diffuse ground-glass attenuation with 
thickened interlobular septa [21]. 
MERS-CoV is a new kind of viral infec- 
tion, and the details of the pathologic process 
are yet to be understood. Like any other vi- 


Fig. 9—80-year-old man (patient 14) with diabetes 
and lung fibrosis who presented with difficulty 
breathing and fever. Transverse contrast-enhanced 
CT performed on 10th day of admission shows 
multiple ill-defined areas of ground-glass type 
opacity (arrowheads) with intervening areas of lung 
fibrosis (thick arrow) and emphysema (thin arrows). 
No previous CT image was available for comparison. 
Patient died in ICU on day 12 after admission. 


ral pneumonia, and as seen in two of our cas- 
es, the initial chest radiograph may be nor- 
mal with subtle lung ground-glass opacities 
detected by CT [15]. MERS-CoV progress- 
es rapidly within days in relationship to vol- 
ume, extent, and severity [4]. In a previous 
study, the median time from symptom on- 
set to hospitalization was 4.0 days and from 
symptom onset to death was 11.5 days [4]. 
The duration of hospitalization was short, 
with a median of 7.0 days and 9.0 days, re- 
spectively [4]. Similarly, in our cohort, time 
to death ranged from 4 to 31 days, with a me- 
dian of 13.0 days, and the difference in me- 
dian length of hospitalization between the 
groups was 15 and 10.5 days, respectively. 
The short incubation period with rapid pro- 
gression to ARDS in more than 20% of pa- 
tients with MERS-CoV (80% in our cohort) 
gives a very small window of opportunity 
for successful management of these high- 
risk patients [4]. Hence, an early diagnosis 
by CT in a highly suspicious clinical setting 
may help the initiation of effective treatment. 

Low absolute lymphocytic count and low 
platelet count are two of the clinical indi- 
cations of fatal outcome in patients with 
MERS-CoV [27]; however, we did not see 


74) 


Downloaded from www.ajronline.org by NYU Langone Med Ctr-Sch of Med on 04/22/15 from IP address 128.122.253.228. Copyright ARRS. For personal use only; all rights reserved 


a Statistically significant difference between 
two groups in these variables. The high prev- 
alence of lymphopenia in our patients may 
be related to cytokine dysregulation in pa- 
tients with MERS-CoV, as postulated by an 
earlier group [28]. 

Health care workers are most likely to be in 
contact with severely infected individuals and 
are at high risk of infection. A highly infect- 
ed patient with inherent comorbidities may be 
shedding viruses at a higher rate than mild or 
asymptomatic patients who are controlling 
the virus better [29]. Of two of the health care 
workers in our cohort, one died after contact 
with a high-risk primary patient with MERS- 
CoV. A high rate of underlying comorbidities 
in patients with MERS-CoV may create con- 
siderable difficulty in detecting the progress 
of the disease because of confounding from 
overlapping preexisting diseases such as lung 
fibrosis (Fig. 9) or emphysema. 

We acknowledge two main limitations of 
our study. First, our cohort was small and se- 
quential CT study was not performed because 
this was a retrospective analysis of a new dis- 
ease; hence, we were not able to compare the 
early and late CT findings in patients with 
MERS-CoV. Moreover, for the same reason, 
we were only able to see the late sequelae of 
the disease in one patient, for whom complete 
recovery was noted. Future studies focusing 
on the disease progression should involve a 
large patient population. Second, we do not 
have histopathologic evidence of the inflam- 
matory process for the patients who died in 
the course of the disease. 

In summary, the CT features of patients 
with MERS-CoV were predominantly 
ground-glass opacities, with a preference for 
the involvement of the lower lobes in periph- 
eral locations. The presence of pleural ef- 
fusion and higher CT lung and chest radio- 
graphic scores indicate poor prognosis and 
short-term mortality. 
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